We conducted a meta-analysis of 9 randomized controlled trials (involving 2113 patients) comparing cephalosporins with penicillin for treatment of group A b-hemolytic streptococcal (GABHS) tonsillopharyngitis in adults. The summary odds ratio (OR) for bacteriologic cure rate significantly favored cephalosporins, compared with penicillin (OR,1.83; 95% confidence interval [CI], 1.37-2.44); the bacteriologic failure rate was nearly 2 times higher for penicillin therapy than it was for cephalosporin therapy ( ). The summary OR for P p .00004 clinical cure rate was 2.29 (95% CI, 1.61-3.28), significantly favoring cephalosporins ( ). Sensitivity P ! .00001 analyses for bacterial cure significantly favored cephalosporins over penicillin in trials that were double-blinded and of high quality, trials that had a well-defined clinical status, trials that performed GABHS serotyping, trials that eliminated carriers from analysis, and trials that had a test-of-cure culture performed 3-14 days after treatment. This meta-analysis indicates that the likelihood of bacteriologic and clinical failure in the treatment of GABHS tonsillopharyngitis is 2 times higher for oral penicillin than for oral cephalosporins.
lications were reviewed to identify additional trials. Abstracts from Interscience Conferences on Antimicrobial Agents and Chemotherapy were also searched to identify relevant trials that were unpublished.
Trial selection and quality. Trials comparing the efficacy of a cephalosporin with that of penicillin for treatment of GABHS tonsillopharyngitis were independently reviewed by us for the following criteria: (1) inclusion of adult patients (including those у12 years old); (2) bacteriologic confirmation of GABHS tonsillopharyngitis, with a positive rapid antigen detection test result and/or positive results of cultures of throat swab specimens obtained prior to treatment; (3) random assignment to antibiotic therapy groups comparing an orally administered cephalosporin with orally administered penicillin over a 10-day treatment period; and (4) assessment of bacteriologic outcome using cultures of throat swab specimens obtained after completion of therapy. The Jadad scale was used to assess the methodological quality of the trials, assigning scores from 0 (worst quality) to 5 (best quality) according to the following criteria: randomization of patients to treatment groups using appropriate methods, use of double-blinded intervention, and description of reasons why patients withdrew from the study [18] .
Data abstraction and definition of terms. Primary outcomes of interest were bacteriologic cure, defined as a failure to isolate GABHS in a culture of a throat swab obtained after completion of the antibiotic regimen, and clinical cure, defined as the resolution or improvement of the presenting signs and symptoms of GABHS infection upon completion of the antibiotic regimen and continuing throughout the follow-up period. Sensitivity analyses were performed to assess the impact of carefully made clinical illness descriptions, compliance monitoring, GABHS serotyping, inclusion of GABHS carriers, and timing of the test-of-cure culture on the bacteriologic and clinical cure rates. We independently abstracted primary outcomes and sensitivity analysis data from each trial using a data extraction form; differences were settled by discussing them until a consensus was reached.
Data analysis. The meta-analysis was performed using Revman software, version 4.1 (Cochrane Collaboration). Bacteriologic cure rates after completion of cephalosporin treatment were compared with those of penicillin treatment and were expressed as ORs and 95% CIs. An OR 11 indicated a higher bacteriologic cure rate for the cephalosporin than for penicillin. ORs were calculated for individual trial outcomes, and a summary OR was determined for all trials using the Peto fixed-effects model [19] , which assumes trial homogeneity, and the DerSimonian and Laird random-effects model [20] , which assumes trial heterogeneity. Statistical heterogeneity among trials was assessed by x 2 analysis [21, 22] . Possible clinical heterogeneity was examined using analyses in which cephalosporin groups were stratified by cephalosporin generation, by cephalosporin type, and by jack-knifing, wherein 1 study at a time was removed from the data set, and the data were reanalyzed. Sensitivity analyses assessed the robustness of the meta-analysis and further evaluated possible clinical heterogeneity by comparing summary ORs among groups redefined by excluding trials that (1) were not double-blinded, (2) had lower methodological quality (Jadad score р 2), (3) lacked specific details about the clinical status of patients, (4) did not note whether compliance was monitored, (5) lacked GABHS serotyping or genotyping data, (6) did not define carriers and eliminate them from analysis, and (7) did not perform test-ofcure culture between 3-14 days after completion of the treatment. The complements to these subsets were also analyzed. Logistic regression analysis was performed to evaluate the overall drug effect while adjusting for different sets of covariants from the sensitivity analysis. A funnel graph of the standard effect versus the OR was plotted to determine whether publication bias existed.
RESULTS
Literature search and trial inclusion. The MEDLINE and Embase searches yielded 140 citations, 59 of which were reports of randomized clinical trials comparing cephalosporin with penicillin for treatment of GABHS tonsillopharyngitis. Two trials that were not identified by MEDLINE or Embase were retrieved from reference listings, and 5 trials were identified from abstract searches. Of the 66 citations, 57 were excluded for the following reasons: (1) the trial was published as an abstract only; (2) patient randomization criteria were not assessable; (3) most or all participants were children; (4) the adult data could not be separated from those of the children in studies that included equal numbers of adults and children; (5) bacterial cure rates were not measured; (6) data were from a study that was already included in our analysis; and (7) the treatment duration was !10 days. This left 9 trials in 8 published reports for inclusion in our analysis.
Methodological quality. The mean Jaded scale score (‫ע‬SD) for all trials was , out of a maximum score of 3.2 ‫ע‬ 1 5 (table 1). Six of 9 trials were double blinded [10, [14] [15] [16] [17] , and 7 of 9 studies adequately described the reasons for patient withdrawal [10, [12] [13] [14] [15] [16] [17] . Most patients were withdrawn from studies because GABHS was not isolated in the initial culture.
Description of trials.
Six trials were conducted in the United States [10, 12, 14, 15, 17] . Five were multicenter outpatient studies [10, 12, 14, 17] , 2 were performed in hospital emergency settings [11, 13] , and 2 did not state the site of the trial [15, 16] . One trial took place in the 1980s [10] , and 8 were performed in the 1990s [11] [12] [13] [14] [15] [16] [17] (table 1) . All trials required isolation of GABHS in a throat swab culture. Seven trials Tablet counts were used for the cefetamet pivoxil group, and urine tests were used for the penicillin V group. used rapid antigen tests at enrollment but excluded patients from analysis if GABHS was not isolated in a throat swab culture [12] [13] [14] [15] [16] [17] . One trial excluded patients with 1+ growth of GABHS at enrollment in an attempt to exclude carriers [10] . Four different cephalosporins and 1 carbacephem were compared with penicillin in the 9 trials. Two trials involved firstgeneration agents [10, 13] , 4 involved second-generation agents [11, [14] [15] [16] [17] , and 3 involved third-generation agents [12, 17] . Six trials gave detailed descriptions of patient signs and symptoms at enrollment [12, [14] [15] [16] [17] . The remaining 3 trials stated that the patients were acutely ill with tonsillopharyngitis [10, 11, 13] .
Serotyping of the infecting streptococcal organism was performed in 2 trials [14, 15] , and genotyping was done in 2 trials [17] , thereby permitting differentiation between true treatment failures and new infections. True treatment failure rates were used in the calculations. Carriers were defined and eliminated from analysis in 6 trials [10, 11, [13] [14] [15] [16] . Specific compliance monitoring methods used by 6 trials included tablet counts, record cards, and urine tests [10] [11] [12] [13] [14] [15] ; the remaining trials provided no information or used patient questioning only [16, 17] .
The timing of test-of-cure culture varied among the trials, but most performed such cultures during the early and late stages of follow-up. Test-of-cure cultures were performed 3-14 days after completion of the antibiotic regimen in 7 trials [12] [13] [14] [15] [16] [17] . When possible, bacteriologic and clinical cure rates used in this meta-analysis were taken from data on test-of-cure cultures performed during the early stages of the follow-up period to minimize the inclusion of patients with reacquisition of GABHS or with new infections in the final cure rate analysis. Outcome of bacterial and clinical cure rates. The primary outcome analyzed were the bacterial cure rates for cephalosporin and for penicillin treatment. The summary OR for bacterial cure in all 9 trials, which included 2113 patients, was 1.83 (95% CI, 1.37-2.44), and favored cephalosporin treatment ( ) (figure 1). Seven of 9 studies had a point estimate P ! .00004 that favored cephalosporins [10-13, 16, 17] . In 4 trials, sample size was sufficient to show that cephalosporin treatment was significantly superior to penicillin treatment [13, 16, 17] . Two trials had a point estimate favoring penicillin, but the results did not reach statistical significance [14, 15] .
One trial did not report the primary outcome of clinical cure; therefore, 8 trials were included in our analysis. The overall summary OR for clinical cure rate, which included data for 2038 patients, was 2.29 (95% CI, 1.61-3.28), favoring cephalosporin treatment ( ) (figure 2). Five of 8 trials had P ! .00001 a point estimate favoring cephalosporins [13, 14, 16, 17] . The clinical cure rate in 4 trials reached statistical significance and favored cephalosporins [13, 16, 17] . Three trials had point estimates favoring penicillin therapy, but the difference did not reach statistical significance [10, 12, 15] .
Sensitivity analysis. To test the robustness of the overall summary ORs, sensitivity analyses were conducted (tables 2 and 3). Bacterial cure rates significantly favored cephalosporin treatment when trials were grouped as double-blinded trials (OR, 1.70; 95% CI, 1.22-2.35), high-quality trials (Jaded score, All multilogistic regression analysis models confirmed that cephalosporin treatment had bacterial and clinical cure rates that were significantly superior to those of penicillin therapy (P values, !.0001-.0003). Unlike the sensitivity analysis, with logistic regression when the antibiotic and compliance variables were included in the regression model, the bacterial and clinical cure rates of cephalosporin remained statistically significant ( and , respectively). P ! .0001 P ! .0004 Stratified analysis of cephalosporins. One first-generation cephalosporin (cefadroxil), 1 second-generation cephalosporin (cefetamet), 2 third-generation cephalosporins (cefdinir and cefpodoxime), and 1 carbacephem (loracarbef) were included in a stratified analysis. The trials were grouped by cephalosporin generation (the second-generation cephalosporin and the carbacephem were grouped together) and analyzed. In 2 trials ( ), the first-generation cephalosporins were statistically n p 614 superior to penicillin with respect to bacterial cure rate (OR, 2.11; 95% CI, 1.18-3.75;
) and clinical cure rate (OR, P p .01 2.08; 95% CI, 1.11-3.09;
). In 4 trials ( ), the P ! .02 n p 500 second-generation cephalosporins had bacterial cure rates that were equal to those of penicillin ( ; OR, 1.18; 95% CI, n p 575 0.64-2.00;
), but in 3 trials, clinical cure rates of second-P p .7 generation cephalosporins were superior (OR, 2.11; 95% CI, 1.01-4.39;
). In 3 trials ( ), the third-generation P ! .05 n p 924 cephalosporins had bacterial cure rates (OR, 2.18; 95% CI, 1.44-3.31;
) and clinical cure rates (OR, 2.57; 95% CI, P ! .0003 1.50-4.39;
) that were statistically superior to those of P ! .0006 penicillin.
Analysis of comparative cure rates for each of the individual cephalosporins was undertaken. Each cephalosporin had a statistically higher cure rate than did penicillin, with the exception of loracarbef (table 4) .
Heterogeneity. Tests for statistical heterogeneity were performed for both primary outcomes. There was no heterogeneity among the 9 trials for bacterial cure rates ( ) and clinical P p .28 cure rates ( ) and no heterogeneity among the trials of P p .77 the 3 generations of cephalosporins. There was heterogeneity among the trials involving individual cephalosporins because 2 trials studied loracarbef. We performed 7 different sensitivity analyses (only double-blinded trials, etc.), and statistical heterogeneity was present in 1 subset (i.e., trials in which serotyping or genotyping was performed). Cephalosporin treatment remained significantly superior to penicillin treatment when analyzing each trial's effect on the overall analysis. Elimination of trials 4 [13] and 9 [17] individually caused the largest change in the bacterial cure rate; the ORs ranged from 1.83 when all 9 trials were included (95% CI, 1.37-2.44) to 1.56 when trial 4 was removed (95% CI, 1.14-2.14) and 1.56 when trial 9 was removed (95% CI, 1.13-2.15).
Publication bias. A symmetrical inverted funnel-shaped plot of the ORs versus standard effect (as shown by the wide scattering of ORs from small studies and narrowing to a peak among large studies) was observed, which suggested no evidence of publication bias.
DISCUSSION
This meta-analysis indicates that the likelihood of bacteriologic failure in adults with GABHS tonsillopharyngitis is 2 times higher for oral penicillin therapy than for oral cephalosporin therapy ( ). Using the Cochrane Collaboration meta-P p .00004 analytic approach, this conclusion confirms, strengthens, and extends similar conclusions in prior meta-analyses [8, 9] , studies [6, 8, 23] , and reviews [23] [24] [25] [26] .
In tonsillopharyngitis, the primary outcome and antibiotic treatment goal of interest is eradication of GABHS. Eradication is necessary to prevent nonsuppurative and suppurative sequelae [27] , to eliminate contagion [28] , and to produce a more rapid symptomatic resolution of the illness [29] . Because of the ease with which a throat swab specimen can be obtained, we have the advantage in studies of this illness of being able to clearly measure the primary outcome of interest. Nevertheless, a meta-analysis of GABHS tonsillopharyngitis studies must address complexities involving the design of trials that were not addressed in either of the 2 meta-analyses previously published involving children [8, 9] , including sensitivity analyses for suggested confounders [30] . The overall result, which showed the superiority of cephalosporin therapy for eradicating GABHS, did not change after sensitivity and multilogistic regression analyses of the important confounding variables.
Meta-analysis incorporates existing biases and introduces new biases [31, 32] . To minimize bias during trial selection we used predetermined inclusion criteria. Publication bias was assessed by a funnel plot [33] and none was evident. Clinical and statistical heterogeneity is a potential concern in this metaanalysis. Statistical heterogeneity was not significant among the trials for bacteriologic outcomes (
) and clinical out-P p .28 comes ( ), suggesting that the included trials were sim-P p .77 ilar enough so as not to introduce bias.
We and others have speculated that cephalosporins may be more effective than penicillin in eradication of GABHS from the tonsillopharynx for 3 reasons: (1) b-lactamase-producing coinfecting pathogens that inactivate penicillin but not cephalosporins may be present in vivo [8, [34] [35] [36] [37] [38] [39] ; (2) penicillin is more effective in eradicating a streptococci in the tonsillopharynx than cephalosporins, and these commensals represent ecological competitors with GABHS in the throat [40] [41] [42] [43] ; and (3) cephalosporins achieve sustained adequate bactericidal drug levels in the tonsillopharynx throughout the course of therapy because of their improved pharmacokinetic and pharmacodynamic (PK/PD) profile compared with penicillin, which has a PK/PD profile that suggests rapidly diminishing tissue levels as inflammation subsides over time [44] [45] [46] [47] [48] [49] , and the failure to exclude or the unintentional enrollment of GABHS carriers in clinical trials comparing cephalosporins with penicillin is a concern. In the clinical setting, where comparative trials of antibiotics for the treatment of tonsillopharyngitis are undertaken, the incidence of GABHS carriers is ∼2%-10% [50] [51] [52] . Penicillin is poorly effective in eradication of GABHS carriage [53] [54] [55] [56] , whereas cephalosporins are effective [52, 57, 58] . Therefore, the inclusion of carriers in a trial might impact the relative cure rates for penicillin therapy and cephalosporin therapy.
Injudicious use of antimicrobials is a growing concern and has produced a circumstance where selection of resistant strains and clonal spread has occurred. There is no clear evidence that cephalosporins are more effective in selecting resistant strains than are other b-lactam antibiotics, but the broader spectrum of the cephalosporin class has been noted as a concern. If cephalosporins were to join penicillin as a treatment of choice for GABHS tonsillopharyngitis, it is unclear if this would increase selection pressure. In addition, the cephalosporin antibiotics are more expensive than penicillin. However, the bacteriologic eradication rate of the different generations of cephalosporins was not significantly different; and first-generation cephalosporins have a narrower spectrum and a lower acquisition cost than second-and third-generation agents.
In conclusion, our findings clearly show that the likelihood of a bacteriologic and clinical cure of GABHS tonsillopharyngitis in adults is significantly higher after 10 days of therapy with an oral cephalosporin than with oral penicillin. The analysis was not extended to shortened courses of therapy [59] . The trend toward more-frequent oral penicillin treatment failure over the past 3 decades is of concern [4] [5] [6] [7] 60 ]. Yet penicillin is inexpensive, has a narrow spectrum, and is endorsed by treatment guidelines as the sole agent of choice [1] [2] [3] . However, antibiotic acquisition cost is a very small percentage of the total cost of management of a case of GABHS tonsillopharyngitis [61] . The absolute difference in bacteriologic failure rates between cephalosporins and penicillin was 5.4%; thus, one would need to treat 19 adults with a cephalosporin to see 1 additional bacteriologic cure, compared with penicillin. We would advocate a case-by-case assessment for use of cephalosporins as a treatment of choice for GABHS tonsillopharyngitis.
